Objective. To evaluate left ventricular (LV) function and carotid intima-media thickness (IMT) in patients with axial SpA in relationship to underlying disease severity.
Introduction
SpA encompasses a spectrum of rheumatic diseases characterized by inflammation of the spine and SI joints. AS is the prototype and other subtypes include axial PsA, reactive arthritis, undifferentiated SpA and IBD-related SpA. It is associated with peripheral arthritis, enthesitis and other extra-articular features that result in pain and functional disability. Axial SpA is one of the most common rheumatic conditions in young adults, with an estimated prevalence of 0.41.3% in the USA [1] and 0.32.5% in Western Europe [2, 3] .
Persistent inflammation is associated with cardiovascular mortality in patients with rheumatic disease. The association of chronic inflammation with cardiac dysfunction [4] and coronary artery disease in RA, independent of traditional cardiovascular risk factors [5, 6] , is well documented. A similar patho-mechanism has been proposed in patients with AS: such patients have impaired diastolic function [7] , increased carotid intima-media thickness (IMT) [8, 9] , atherosclerosis and aortic stiffness compared with healthy controls [9] . The cardiovascular manifestations in patients with axial SpA have nonetheless been poorly evaluated. Advanced two-dimensional (2D) speckle tracking analysis is a sensitive and accurate method of evaluating subclinical myocardial dysfunction [10] . In addition, carotid IMT is a well-validated method for detection of early atherosclerosis. The aim of this study was to apply these investigations to the detection of subclinical cardiovascular involvement in patients with axial SpA. Clinical parameters, including radiographic damage of the spine as determined by the modified Stoke Ankylosing Spondylitis Spine Score (mSASSS), were also evaluated in relation to LV myocardial strain and carotid IMT.
Methods

Study population
A total of 116 consecutive patients with axial SpA managed at the Queen Mary Hospital, University of Hong Kong, from January 2012 to January 2013 were enrolled in the study. All patients had a confirmed diagnosis of axial SpA according to the Assessment of SpondyloArthritis International Society (ASAS) classification criteria [11] . Patients were excluded if they had a history or clinical symptoms of cardiac disease, such as coronary artery disease, myocardial infarction, cardiac pacing, valvular heart disease, atrial fibrillation or heart failure. Those with stroke, chronic renal dysfunction, liver failure or poor echocardiographic imaging were also excluded: 12 such patients were excluded (coronary artery disease in 2patients, severe mitral valve prolapse in 1 patient, moderate to severe aortic regurgitation in 2 patients, right ventricular apex pacing in 1 patient and poor echocardiographic imaging in 6 patients) and 104 axial SpA patients were included in this study. For comparison, 50 age-and gender-matched healthy controls were recruited from a community health programme carried out in the Hong Kong West Cluster. This study was approved by the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (HKU/ HA HKW IRB) and all subjects gave written informed consent.
Study design
Clinical and laboratory examinations
Detailed demographic data and cardiovascular medication were recorded for all subjects. Cardiovascular risk factors, including hypertension (resting blood pressure 5140/90 mmHg or use of antihypertensive medication), hypercholesterolaemia (fasting total serum cholesterol 54.9 mmol/l or on lipid-lowering medication), diabetes mellitus (fasting blood glucose 57.1 mmol/l or use of anti-diabetic medication) and smoking status were evaluated in patients with axial SpA and controls.
All patients underwent a detailed evaluation, including clinical examination, laboratory blood tests, disease assessment scores and radiographs. The mean age at onset of disease, the mean age at onset of and duration of inflammatory back pain (IBP) and use of medication, including NSAIDs, DMARDs, steroids and analgesics, were recorded. A modified Schober test was performed to assess spinal mobility. Disease activity was evaluated using ESR and the BASDAI [12] . Disease physical functional status was assessed using the BASFI [13] . Cervical and lumbar-sacral radiographs were used to determine the mSASSS [14] . Spine X-rays were scored by two independent rheumatologists and mean values were used for analyses. Finally, chest radiography was performed to screen for any evidence of pulmonary fibrosis. Those with suspected pulmonary fibrosis by chest radiography underwent CT of the lung to confirm the diagnosis.
Echocardiographic measurements
All subjects were examined in the left lateral supine position using a commercially available machine (Vivid7, General Electric Vingmed Ultrasound, Milwaukee, WI, USA; 3.5 MHz phased array transducer). Detailed transthoracic echocardiographic examination including M-mode, pulsed-wave Doppler imaging, pulsed-wave tissue Doppler imaging and 2D speckle tracking were performed on each subject. Cardiac cycles were stored in digital cine loop format for offline analysis performed using dedicated software (EchoPAC version 108.1.5; General Electric Vingmed, Horten, Norway). LV end-diastolic diameter and end-diastolic septal and posterior wall thickness were determined with M-mode echocardiography under 2D guidance in the parasternal long axis view, according to the recommendations of the American Society of Echocardiography [15] . LV mass was calculated using Devereux's formula [16] . Based on apical four-chamber views, LV volume and ejection fraction (LVEF) were estimated by Simpson's rule. Early diastolic peak flow velocity (E), late diastolic peak flow velocity (A) and the E/A ratio were measured by transmitral pulsed-wave Doppler imaging. Myocardial early diastolic velocity (E 0 ) was measured at the basal septal mitral annulus by pulsed-wave tissue Doppler imaging. The E/E 0 ratio was calculated as an estimation of LV end-diastolic filling pressure [17] and assessment of LV diastolic function; LV diastolic dysfunction was categorized as normal, mild (defined as LV impaired relaxation without evidence of increased filling pressure), moderate (defined as LV impaired relaxation associated with moderate elevation of filling pressures or pseudo-normal filling) or severe (defined as restrictive LV filling) [18] .
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LV dysfunction and atherosclerosis in axial SpA
Two-dimensional speckle tracking strain analysis Two-dimensional speckle tracking analysis is an advanced method for quantitative evaluation of global and regional myocardial function that is thought to be more sensitive than conventional echocardiography for detecting subclinical myocardial dysfunction in various clinical diseases [19, 20] . LV dysfunction can be assessed in three orthogonal directions, as longitudinal (LS), circumferential (CS) and radial (RS) strains [21] . According to the strain definition, longitudinal and circumferential systolic dysfunction is characterized as myocardial shortening [expressed as a negative value, with lower strain (impaired function) expressed as a less negative value]. Conversely, radial systolic dysfunction is characterized as myocardial thickening [expressed as a positive value, with lower strain (impaired function) expressed as a lower value]. The curves of the LS, CS and RS were obtained using 2D speckle tracking images [19, 22, 23] . Briefly, 2D speckle tracking analyses were performed on the standard grey-scale 2D images. All images were acquired at frame rates of 6090 frames/s and three consecutive cardiac cycles were stored (all subjects were in sinus rhythm during assessment). During analysis, the endocardial border was manually traced at end systole and the width of the region of interest was adjusted to include the entire myocardium. The LS (Fig. 1A) was assessed in three orthogonal apical views (4 and 2 chambers, long-axis view, 18 segments), while the CS and RS ( Fig. 1B and C, respectively) were obtained from the midventricular short-axis view of the LV (at the level of the papillary muscles, each six segments). Global longitudinal and circumferential strains are expressed as negative values: a lower strain is represented by a smaller negative value. Global radial strain is expressed as a positive value, with a lower value indicating lower strain.
Carotid IMT measurements
Carotid IMT is widely used as a surrogate marker for subclinical atherosclerosis [24] . In this study, common carotid artery US examination was performed with high-resolution US (Vivid7, General Electric Vingmed Ultrasound) using a 7.510.0 MHz linear array transducer. All subjects were placed in the supine position with their heads turned to the side opposite to the artery being examined. B-mode digital cine loop images of the distal common carotid were stored on the hard drive of the US system for offline analysis. Carotid IMT was measured with automated image processing software on the far wall at the straight portion of the right and left common carotid arteries at end diastole, 10 mm from the carotid bifurcation over the proximal 20 mm segment. The carotid IMT value was defined as the mean of the maximal IMT of both common carotid arteries.
Statistical analysis
Statistical software (SPSS version 16.0; IBM, Armonk, NY, USA) was used to analyse all data. All continuous variables were expressed as mean (S.D.) and categorical variables were expressed as frequencies and percentages.
For continuous variables, an independent sample t-test was used for intergroup comparisons. Chi-squared test and Fischer's exact chi-squared test were used for comparisons of categorical variables. Interobserver correlation for mSASSS was calculated using Pearson's correlation. In order to determine an independent association of axial SpA with LV myocardial strains, E/E 0 and carotid IMT, multivariate linear adjustment with age, gender and cardiovascular risk factors (hypertension, hypercholesterolaemia, diabetes and smoking status) was performed for the whole study population. The association of individual SpA-specific clinical characteristics (ESR, BASDAI, BASFI, modified Schober test and mSASSS) with abnormal LV myocardial function and carotid IMT was tested by univariate linear regression. Multivariable adjustment for age, gender and cardiovascular risk factors was performed to determine independent values of the most correlated SpA-specific clinical characteristics (as determined by univariate analysis) with abnormal LV myocardial strain and carotid IMT. Intraclass correlation coefficients (ICCs) were calculated as indications of reproducibility from 10 randomly selected patients to evaluate the interobserver and intra-observer variability of LV strains (LS, CS, RS) and carotid IMT measurements. All tests were two-sided and P < 0.05 was considered statistically significant.
Results
Baseline characteristics of patients with axial SpA
The baseline characteristics of patients with axial SpA are summarized in Table 1 . The male:female ratio was 2.25:1. The majority of patients fulfilled radiological modified New York SI joint criteria and were considered to have AS: 78.8% of patients were diagnosed as radiological AS and 21.2% patients were non-radiological axial SpA. The current study population was characterized by long disease duration, with a mean duration of IBP of 15 years, moderate disease activity, with a mean BASDAI of 3.8, and preserved functional status, with a mean BASFI of 2.5. The mean mSASSS was 24.3 (interobserver correlation was 93%), suggestive of significant radiological spinal damage.
Clinical characteristics and cardiovascular assessment of patients with axial SpA and controls Clinical parameters of the study population are shown in Table 2 . Mean age and gender were similar between patients with axial SpA and controls. No significant difference was noted in systolic and diastolic blood pressure, prevalence of hypertension, diabetes, hypercholesterolaemia or smoking between patients with axial SpA and controls.
Echocardiographic parameters of the patients with axial SpA and controls are shown in Table 2 . LV dimension, LV mass, volume, LVEF, E/A ratio, LV diastolic grade and E 0 velocity were similar between the two groups. Nonetheless, patients with axial SpA had significantly impaired global LS, CS and RS and a higher E/E 0 ratio than 294 www.rheumatology.oxfordjournals.org
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FIG. 1
Left ventricular strain assessment in three orthogonal directions by two-dimensional speckle tracking analysis in patients with axial SpA and controls (A) Demonstrates the assessment of global longitudinal strain from the apical four-chamber, two-chamber and long-axis views. Each colour line denotes regional segmental strain (six segments per view, for a total of 18 segments) and the white dotted line represents the strain that was measured as changes of the whole myocardium of each view. The global longitudinal strain is calculated by averaging the peak strain of three apical views. From the midventricular short-axis view of the left ventricular, (B) global circumferential and (C) radial strains are calculated by averaging the peak strain of six left ventricular segments. In the example, the global longitudinal, circumferential and radial strains were all impaired in the patient with axial SpA compared with the control.
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LV dysfunction and atherosclerosis in axial SpA controls. Carotid IMT was significantly increased in patients with axial SpA compared with controls (Table 2) . After adjusting for potential confounding factors, axial SpA was found to be associated with all three orthogonal directional LV myocardial strains, E/E 0 and carotid IMT (Table 3) .
Predictors for impaired LV myocardial strain, E/E 0 and increased carotid IMT in patients with axial SpA Univariate analyses for LS, CS, RS, E/E 0 and carotid IMT are shown in Table 4 . Potential confounding factors (P < 0.10) for individual echocardiographic parameters derived from univariate analysis were as follows: LS (BASFI, mSASSS), CS (mSASSS), RS (mSASSS), E/E 0 (ESR, BASFI, modified Schober test and mSASSS) and carotid IMT (BASDAI, BASFI, modified Schober test and mSASSS). We found that mSASSS was most associated with LS, CS, RS, E/E 0 and carotid IMT (all P < 0.01). Multivariate linear regression analysis adjusting for age, sex and cardiovascular risk factors demonstrated that mSASSS was independently associated with LS, E/E 0 and carotid IMT (Table 5) .
Reproducibility
Interobserver and intra-observer variability of LV strains and carotid IMT measurements was evaluated by two independent observers. ICCs showed high agreement and the results are shown in supplementary Table S1 , available at Rheumatology Online.
Discussion
Modern rheumatology classifications define axial SpA as a group of diseases with similar patho-mechanisms. While prior studies have evaluated the cardiovascular associations in AS patients, we included an extended spectrum of patients with axial SpA for analysis. Compared with normal controls, our results demonstrated that patients with axial SpA had impaired LV myocardial systolic function, abnormal diastolic function and accelerated atherosclerosis, as evaluated by advanced 2D speckle tracking strain analysis, E/E 0 ratio and carotid IMT, respectively. These associations remained significant even after adjustment for confounding factors. Multivariate regression analyses revealed that mSASSS is an independent predictor of LV myocardial strain, E/E 0 and carotid IMT in axial SpA patients.
Myocardial dysfunction in patients with axial SpA
It is well documented that systemic inflammatory diseases, such as RA [25] , SLE [26] and SSc [27] , are associated with an increased risk of developing clinically relevant heart failure. In patients with AS, the risk of heart failure was 1.3-fold greater [28] , postulated to be a result of LV diastolic dysfunction [29] . Similarly, a higher average E/E 0 ratio, suggestive of diastolic dysfunction, was found in patients with axial SpA in the current study. Importantly, the present study further demonstrated, through more advanced 2D speckle tracking analysis [30] , that these patients had LV systolic dysfunction despite an apparently normal LVEF measured by conventional echocardiography.
The fact that systolic dysfunction could only be detected by 2D speckle tracking analysis highlights the limitation of conventional echocardiography, which cannot detect subclinical abnormalities of the myocardium. The technique has been used to detect subtle myocardial dysfunction that precedes the development of clinical heart failure in various groups of systemic inflammatory diseases, including RA [31] , SSc [19] and psoriasis [20] . Our findings indicated that impaired LV myocardial strains remained significantly associated with axial SpA, even after adjustment for potential confounding factors. This finding thus suggests that patients with axial SpA have an increased risk of developing myocardial dysfunction, independent of cardiovascular risk factors. Although the exact mechanism is uncertain, possible explanations include persistent systemic inflammation related to coronary vasculitis and myocardial dysfunction [32] . Future studies using additional imaging modalities including cardiac MRI, cardiac PET and histopathological assessment may provide further mechanistic insight in this regard.
Accelerated atherosclerosis in SpA
Systemic inflammatory diseases are closely associated with premature atherosclerosis partly due to a similar pathogenesis, such as activation of T cells and increased pro-inflammatory cytokines, and clustering of cardiovascular risk factors [33] . Previous studies have revealed that patients with AS have a 1.43.1-fold increased risk of ischaemic heart disease compared with the general population [28, 34] . Measurement of carotid IMT is a wellvalidated non-invasive means of determining the presence of subclinical atherosclerosis that has been widely employed in patients with systemic inflammatory diseases. Previous studies have revealed that patients with AS [9, 35, 36] and SpA [37] have increased carotid IMT, but results have been inconsistent [3840] . The present study has nonetheless evaluated a larger study population and confirmed that patients with axial SpA have increased carotid IMT, suggestive of the presence of premature atherosclerosis.
Radiological severity and cardiovascular manifestations in axial SpA
One of the challenges in comprehensively evaluating patients with axial SpA is the lack of a validated imaging technique to quantify systemic inflammation. Newer techniques, including whole-body MRI and diffusion weighted imaging (DWI), may provide a solution. To date, parameters including the mSASSS, BASFI, BASDAI, ESR and modified Schober score may have been the best indirect markers to reflect the total burden of axial inflammation during the disease process. Nonetheless, despite the correlations demonstrated in our analyses, an early study identified impaired diastolic function in patients with AS even with minimal spinal deformity [41] , confirming the occurrence of cardiovascular manifestations in early stage disease. This observation emphasized the importance of early detection by sensitive imaging methods such as those used in the present study and aggressive control of factors that contribute to the development of cardiovascular abnormalities. The present study demonstrated a novel independent association of radiological damage of the spine, assessed by mSASSS, with LV myocardial dysfunction (LS, E/E 0 ) and accelerated atherosclerosis (carotid IMT) in patients with axial SpA. Although the exact mechanism is uncertain, persistent systemic inflammation is the likely cause. Using a similar analogy in other inflammatory joint diseases, early reports have shown that patients with RA have increased myocarditis, vasculitis [42] and autoimmunity [43] . The incidence of cardiovascular events in relation to systemic inflammation is thought to contribute to LV dysfunction and cardiac remodelling. Another study of 47 patients with RA demonstrated that the magnitude and chronicity of the inflammatory burden, measured by mean CRP, correlated with carotid IMT [44] . These findings provide firm evidence that systemic inflammation plays a pivotal role in the development of LV dysfunction and accelerated atherosclerosis in patients with inflammatory joint disease. Accordingly, a high mSASSS, reflecting cumulative inflammatory burden of the spine, may contribute significantly to cardiovascular abnormalities in patients with SpA.
Clinical implications
The current results support the use of an advanced echocardiography technique, namely 2D speckle tracking strain analysis, to detect LV myocardial dysfunction in patients with axial SpA. The use of this technique and carotid IMT measurement allow early identification of patients at risk of cardiovascular involvement and provide a means to monitor their cardiovascular status. The risks increase proportionally with disease advancement. Aggressive control of cardiovascular risk factors and adequate disease treatment to suppress systemic inflammation (e.g. anti-TNF-a treatment) may be necessary to prevent cardiovascular complications [45] . Further, impaired LV strain may predict exercise capacity and the risk of arrhythmia in rheumatic diseases such as SSc [19] . The clinical relevance of impaired LV strain in patients with SpA requires further evaluation. Nonetheless, a baseline echocardiography examination could provide a valuable assessment of the cardiovascular system in patients with SpA.
Limitations
The present study was a cross-sectional analysis, and therefore a causal relationship between axial SpA and cardiovascular abnormalities cannot be established. Long-term studies are required to evaluate the prognostic implications of these cardiovascular abnormalities. As we have only included individuals of Chinese ethnicity in the study, further studies including different ethnic populations are required to validate the present findings.
Conclusion
Patients with SpA have subtle LV systolic dysfunction, impaired diastolic dysfunction and accelerated atherosclerosis as measured by 2D speckle tracking strain analysis, E/E 0 ratio and carotid IMT. Radiological severity as measured by mSASSS is independently correlated with abnormal LV myocardial strain, E/E 0 and carotid IMT. 
